Programmed cell death (PCD) pathways, including apoptosis and regulated necrosis, are required for normal cell turnover and tissue homeostasis. Mis-regulation of PCD is increasingly implicated in aging and aging-related disease. During aging the cell turnover rate declines for several highly-mitotic tissues. Aging-associated disruptions in systemic and inter-cell signaling combined with cell-autonomous damage and mitochondrial malfunction result in increased PCD in some cell types, and decreased PCD in other cell types. Increased PCD during aging is implicated in immune system decline, skeletal muscle wasting (sarcopenia), loss of cells in the heart, and neurodegenerative disease. In contrast, cancer cells and senescent cells are resistant to PCD, enabling them to increase in abundance during aging. PCD pathways limit life span in fungi, but whether PCD pathways normally limit adult metazoan life span is not yet clear. PCD is regulated by a balance of negative and positive factors, including the mitochondria, which are particularly subject to aging-associated malfunction.
lap, and that necrosis is a more regulated process than was previously assumed (Galluzzi et al., 2012) .
The canonical form of PCD is apoptosis (Elmore, 2007; Kerr et al., 1972) , sometimes called type I PCD, in which the cell undergoes a characteristic series of molecular, biochemical and morphological changes. One of the earliest molecular markers of apoptosis is the externalization of cell membrane phosphatidylserine, which can be detected by staining with the reagent Annexin V (Hankins et al., 2015; Leventis and Grinstein, 2010). The exposed phosphatidylserine ultimately serves as a signal to nearby macrophages to engulf the dying cell. The first visible changes of apoptosis are the shrinkage of the cell, and a condensation of the nucleus and chromatin called pyknosis. This is followed by a fragmentation of the nucleus http://dx. doi.org/10.1016/j.arr.2015.04.002 1568-1637/© 2015 Elsevier B.V. All rights reserved.
